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ABSTRACT
We introduce a new method to measure the dispersion of mmax values of star clusters
and show that the observed sample of mmax is inconsistent with random sampling
from an universal stellar initial mass function (IMF) at a 99.9% confidence level.
The scatter seen in the mmax-Mecl data can be mainly (76%) understood as being the
result of observational uncertainties only. The scatter ofmmax values at a givenMecl are
consistent with mostly measurement uncertainties such that the true (physical) scatter
may be very small.
Additionally, new data on the local star-formation regions Taurus-Auriga and
L1641 in Orion make stochastically formed stellar populations rather unlikely. The
data are however consistent with the local IGIMF (integrated galactic stellar initial
mass function) theory according to which a stellar population is a sum of individual
star-forming events each of which is described by well defined physical laws. Randomly
sampled IMFs and henceforth scale-free star formation seems to be in contradiction
to observed reality.
Key words: galaxies: star clusters – galaxies: stellar content – stars: star formation
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1 INTRODUCTION
The stellar initial mass function (IMF, ξ(m)) describes the distribution of masses of stars, whereby dN = ξ(m)dm is the
number of stars formed in the mass interval m, m+dm. It is one of the most important distribution functions in astrophysics
as stellar evolution is generally determined by the mass of the stars. The IMF therefore regulates the chemical enrichment
history of galaxies, as well as their mass-to-light ratios and influences their dynamical evolution. Theoretically unexpected,
the IMF is found to be invariant through a large range of conditions like gas densities and metallicites (Kroupa 2001, 2002;
Chabrier 2003; Elmegreen et al. 2008; Bastian et al. 2010; Kroupa et al. 2013) and is well described by the canonical IMF
(Appendix B). Though, it has to be kept in mind that often the concept of an universal IMF is understood as a constant slope
of the IMF, ignoring the upper and lower mass limits. As the slope (for stellar masses above 1 M⊙) has been found to be
constant (within the uncertainties) for star clusters in the Milky Way and the Magellanic clouds (Kroupa 2002; Massey 2003),
an invariant IMF is widely used to not only describe individual star clusters but also stellar populations of whole galaxies. But,
the question remains whether the IMF, derived from and tested on star cluster scales, is the appropriate stellar distribution
function for complex stellar populations like galaxies. In this context, it has emerged that if all the stars in a galaxy form
with a canonical IMF1 and all these IMFs of all star-forming events (spatially and temporally correlated star formation
events/CSFE) are added up the resulting integrated galactic initial mass function of stars (IGIMF) differs substantially from
⋆ E-mail: cweidner@iac.es
† E-mail: pavel@astro.uni-bonn.de
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1 With ’form with a canonical IMF’ it is meant that the form of the IMF of the star-forming region follows the canonical IMF but the
upper mass limit is regulated by the mmax-Mecl relation.
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the canonical IMF. It should be pointed out here that the principal concept of the IGIMF - the galaxy-wide IMF (= IGIMF)
of a galaxy is always the sum of all star-formation events within a galaxy - is in any case always true. The ingredients for the
IGIMF as applied here are listed as follows:
1. The IMF, ξ(m), within star clusters is assumed to be canonical (see Appendix B),
2. the CSFEs populate an embedded-cluster mass function (ECMF), which is assumed to be a power-law of the form,
ξecl(Mecl) = dN / dMecl ∝ M
−β
ecl ,
3. the relation between the most-massive star in a cluster, mmax, and the stellar mass of the embedded cluster, Mecl
(Weidner & Kroupa 2004, 2006; Weidner et al. 2010),
4. the relation between the star-formation rate (SFR) of a galaxy and the most-massive young (< 10 Myr) star cluster,
log10(Mecl,max) = 0.746 × log10(SFR) + 4.93 (Weidner et al. 2004).
Uncertainties are only introduced by the details of star-formation. Properties like the slope of the embedded cluster mass
function (ECMF) and its lower mass end (Mecl,min) in dwarf galaxies or the top/bottom-heaviness of the IMF in the pc-scale
star-formation events (Marks et al. 2012) are examples which need further studies. Therefore any models calculated within the
IGIMF-theory contain uncertainties and can not be final. Conversely, it is possible to use observed relations and dependencies
of galaxies to refine the understanding of the pc-scale star-formation events within the IGIMF-theory (Kroupa et al. 2013).
However, the severity of the difference of the IGIMF to the underlying canonical IMF is strongly dependent on how
stars form. Two extreme models can be discussed in the context of how stars should be sampled from the IMF. The first
model, random sampling, assumes that the IMF is a probability density function. A star cluster is then an ensemble of
stars, characterised by its number of stars, N , which are randomly drawn from the IMF. Until recently, this approach was
used almost exclusively. The second extreme would be optimal sampling (Kroupa et al. 2013). Optimal sampling implies the
existence of the mmax-Mecl relation (Weidner & Kroupa 2006; Weidner et al. 2010) and populates a star cluster of mass
Mecl with the optimal number of stars starting from the the most-massive star, mmax, such that no gaps in the distribution
arise. This sampling method is based on the notion that the physics of star-formation is self-regulated in a resource-limited
environment.
In Section 2 the mmax-Mecl relation is presented and discussed, while in Section 3 it is addressed if it is possible to identify
the mmax-Mecl relation by studying individual star clusters. The expected number of O, B and A stars in star clusters are
calculated for an invariant canonical IMF and these are compared with the respective numbers for the canonical IMF with
the mmax-Mecl relation. The new data and results for Taurus-Auriga and L1641 are presented in Section 3.1. Finally, the
results are discussed in Section 4. Appendix A lists the young star clusters included in the updated mmax-Mecl relation and
Appendix B defines the canonical IMF.
2 THE mmax-Mecl RELATION
The mmax-Mecl relation, as shown in Fig. 1, has been analytically presented in Weidner & Kroupa (2004), observationally
established by Weidner & Kroupa (2006) and refined in Weidner et al. (2010), while already briefly theoretically discussed
in Reddish (1978). It signifies that the typical upper mass limit to which the IMF is sampled, mmax, changes systematically
with the stellar mass of the cluster, Mecl, the stars have formed in and is incompatible with a scale-free IMF. Note that in
Fig. 1 several new objects are added which have not been published before (see Appendix A for the full list of clusters and
their properties).
For the clusters for which the number of stars above a mass limit or within a mass range are given in the literature,
the cluster mass, Mecl, is calculated by assuming a canonical IMF (Appendix B) from 0.01 to 150 M⊙ and extrapolating
to the total population from the observational mass limits. The observed number of stars and its mass limits are given in
Tab. A1. For the error determination of Mecl, the error in the number of stars (if given in the literature) is combined with the
assumption that all stars could be unresolved binaries for an upper mass limit and that 50% of the stars are misidentified as
cluster members for the lower mass limit. In the cases where no observed numbers of stars and their mass limits were given
in the references, literature values for Mecl have been used.
The mass of the most-massive star, mmax, is either deduced from the spectral type of the most-massive star by using a
spectral-type–stellar-mass relation for O stars (Weidner & Vink 2010) and B stars (Hanson et al. 1997) or, when this was not
possible and in the case of exotic spectral types (like Luminous Blue Variables or Wolf-Rayet stars), literature values have
been inserted into the table. For the errors in mmax, ± 0.5 was assumed for the spectral subclass. Panel C of Fig. 1 shows the
errors in mmax and Mecl.
We emphasise here that we have been using all available data on very young populations and that the selection criteria
are only one of age being younger than 4 Myr and no supernova remnants being present in the cluster. That is, we have not
been discarding any data.
Note that the smoothed particle hydrodynamical (SPH) simulations (i.e. Bonnell, Bate, & Vine 2003) and grid based
c© 2013 RAS, MNRAS 000, 1–24
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Figure 1. Panel A: The mass of the most-massive star (mmax) in an embedded cluster versus the stellar mass of the young dynamically
un-evolved ”embedded” cluster (Mecl). The filled dots are observations compiled by Weidner et al. (2010), the filled triangles are new data
presented here for the first time (see Appendix A), the open circles are new data for small clusters in Taurus-Auriga from Kirk & Myers
(2011), while the crosses are three other star-forming regions (IC 348, Chameleon I and Lupus 3) discussed in Kirk & Myers (2011). The
asterisk symbolises all Taurus-Auriga data of Kirk & Myers (2011) combined as if it were a single cluster. Three SPH cluster formation
models are indicated by the open triangles (Bonnell et al. 2003; Smith et al. 2009) and the boxes are mm-observations of massive pre-
stellar star-forming regions in the Milky Way (Johnston et al. 2009). The solid lines through the data points are the analytical mmax-Mecl
relationwhen using a fundamental upper mass limit, mmax∗, of 150 M⊙ (lower light-grey solid line, cyan in the online colour version)
and mmax∗ = 300 M⊙ (upper dark-grey solid line, magenta in the online colour version). The dashed grey (green in the online colour
version) lines are the 1/6 and 5/6th quantiles which would encompass 66% of the most-massive stars if they were randomly sampled
from the IMF. The dotted black line shows the prediction for a relation by Bonnell et al. (2003) from numerical models of relatively
low-mass molecular clouds (6 10000 M⊙). The thin long-dashed line marks the limit where a cluster is made out of one star. Panel B:
Only the data from panel A are plotted which have uncertainties less than 110% in Mecl and mmax. These have been used to calculate
a 3rd-order polynomial fit (short-dashed line, eq. 1) which is shown together with a fit to the analytical relation (dash-dotted line)
as given in Pflamm-Altenburg et al. (2007). Also shown by the long-dashed line is the mean relation from random sampling, R(Mecl),
inferred from 107 Monte-Carlo clusters (Weidner & Kroupa 2006). Note that the shape of R(Mecl) was mathematically confirmed by
Selman & Melnick (2008). Panel C: Showing the mmax against Mecl for the whole sample like in panel A but also showing the errors.
Like panel A but including the errors in mmax and Mecl. The solid line its the 3rd-order polynomial fit (eq. 1) and the long-dashed line
is the mean relation from random sampling, R(Mecl).
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computations of star formation with the FLASH code (Peters et al. 2011) show good agreement with the empirical mmax-Mecl
relation (Weidner et al. 2010; Kroupa et al. 2013). This suggests that the formation of stars within the cloud cores is mostly
driven by growth processes in a medium with limited resources. Peters et al. (2011) refer to this process as fragmentation
induced star formation.
2.1 Challenges for the mmax-Mecl relation
The existence of a mmax-Mecl relation is not without challenge. Parker & Goodwin (2007) and Maschberger & Clarke (2008)
discuss a list of relatively young A and B stars around which Testi et al. (1997, 1998, 1999) had searched for star clusters.
The majority of these clusters are not included in the Weidner et al. (2010) study as a) they are either too old (> 4 Myr
for 25 of 35 objects) or they are b) gas-free. A strict age limit is necessary because of the short life time of massive stars.
For older clusters it is impossible to determine if they have had more massive stars which had exploded as supernovae.
Furthermore, such clusters loose considerable amounts of stars due to stellar dynamical processes, even before gas expulsion
(Lada et al. 1984; Goodwin 1997; Kroupa et al. 2001; Goodwin & Bastian 2006; Pellerin et al. 2007; Bastian & Goodwin
2006; Pflamm-Altenburg & Kroupa 2006; Weidner et al. 2007; Wang et al. 2008; Weidner et al. 2011a). For the same reason
completely gas-free objects are unsuited as gas-expulsion removes large numbers of stars and therefore reduces the mass
of the cluster, Mecl, significantly (Kroupa et al. 2001; Weidner et al. 2007, 2011a). Furthermore, the Testi-sample does not
include any study of the proper motions or radial velocities and the A and B stars and clusters are only searched for in a 0.2
to 1.0 pc radius around the stars. Any even only slowly ejected/evaporated A or B stars would therefore be seen as being
isolated. A detailed study of the kinematics of the Testi-sample is currently underway. The Testi-sample has in common four
objects with the near infra-red study of young star-forming regions by Wang & Looney (2007) and which are included in
the Weidner et al. (2010) study. Additionally, the Maschberger & Clarke (2008) study changes and adapts their own sample
until they arrived at an acceptable probability for their hypothesis that the data is consistent with random sampling. Taking
their full sample, Maschberger & Clarke (2008) perform a KS-test and arrive at a probability for random sampling of 10−17!
Only after removing the Testi-sample and some other clusters they arrive at a 20% probability for random sampling. This
reduction of the sample is justified by Maschberger & Clarke (2008) by arguing that clusters around G type stars are missing
as ”young stars of close to solar mass and below have not been systematically targeted for surrounding clusters” but as is
evident from fig. 2 of Maschberger & Clarke (2008), what are actually missing are clusters around Ae stars (≈ 2.5M⊙, their
fig. 2 does not even extend below 1M⊙) with several hundred stars. Exactly what Testi had been looking for. Also they only
use the low-mass end (Mecl . 1200M⊙) of the Weidner & Kroupa (2006) sample and merely conclude that ”the data are not
indicating any striking deviation from the expectations of random drawing”. This does not rule out an other mechanism than
random sampling but merely states that the low-mass clusters they studied do not allow for any discrimination whether or
not there is a mmax-Mecl relation, especially as no other hypothesis was tested. Weidner et al. (2010) showed for clusters with
Mecl between 100 and 1000M⊙, while the percentage of mmax in the 1/6th and 5/6th quantiles is compatible with random
sampling, that the data has only a probability of 1.9 × 10−7 for being symmetrically distributed around the median, thus
making random sampling highly unlikely. For more massive clusters (Mecl> 1000M⊙), the probability for symmetry around
the median is even lower (2.8 × 10−9).
Furthermore, one has to keep in mind that star clusters do not have identical initial conditions. For very similar masses,
initial differences in metallicity, rotation, magnetic field strength and orientation and star-formation efficiency of the giant
molecular cloud will lead to some spread of the mass of the most-massive star even if there were to exist an exact mmax-Mecl
relation under ideal conditions such as no rotation of the cluster forming cloud, identical boundary conditions and chemical
composition (Kroupa et al. 2013). Also binary stellar evolution can alter the mass of the most-massive object (Bonnell & Bate
2005; de Mink et al. 2011). Finally, but perhaps most importantly, the data suffer from significant observational errors (50%
in mmax and Mecl) such that much of the dispersion seen in Fig. 1 may be due to measurement uncertainties. Even with all
these potential sources for variation of the mmax-Mecl relation it is surprising that 77% of the clusters with errors in Table A1
are compatible within their errors with being form one universal mmax-Mecl relation.
Further criticism of themmax-Mecl relation comes from the claim by some workers that massive stars can form in isolation.
The study by de Wit et al. (2004) and de Wit et al. (2005) arrived at an upper limit fraction of 4 ± 2 % of known O stars
as candidates for the formation of massive stars in isolation. Unfortunately, this number is usually but falsely used as the
percentage of O stars that definitely formed in isolation. One example would be: Krumholz et al. (2010) write ”de Wit et al.
(2004, 2005) find that 4% ± 2% of galactic O stars formed outside of a cluster of significant mass, which is consistent with the
models presented here [...], but not with the proposed cluster-stellar mass correlation”. Lamb et al. (2010), Bestenlehner et al.
(2011) and Selier et al. (2011) propose a handful of apparently formed-in-isolation O stars in the Magellanic Clouds with
similar arguments. The thorough study by Gvaramadze et al. (2012) has eliminated any statistically significant evidence
for the existence of O stars formed in isolation. The remaining candidates are likely two-step-ejections (a massive binary
is ejected and the more massive component explodes as a supernova, changing direction and velocity of the secondary;
Pflamm-Altenburg & Kroupa 2010). Two-step ejections must be common as the vast majority of field and runaway O stars
c© 2013 RAS, MNRAS 000, 1–24
The mmax-Mecl relation, the IMF and IGIMF 5
are in binaries (Chini et al. 2012). Further studies are currently underway to discuss the new samples of ’candidates’ for the
formation of massive stars in isolation presented by Bressert et al. (2012) and Oey et al. (2013).
Recently, it has been claimed that modelling of observations of young star clusters in the starburst dwarf galaxy NGC
4214 disproves the mmax-Mecl relation (Andrews et al. 2013). This claim is disproven in Weidner et al. (2013, submitted). The
main issue of Andrews et al. (2013) is to assume that the mmax-Mecl relation is a fixed truncation limit instead of the mean
of the observations.
Also, it is important to keep in mind that all current observations of young star-forming regions, including the surface-
density profiles, are in agreement with stars forming in embedded clusters when properly taking into account stellar dynamical
processes which result in dissolution of star clusters and allowing for more than one cluster to be formed in a given molecular
cloud (Pfalzner et al. 2012).
Note that random sampling is only given by using a number N of stars, taking these randomly from the IMF and calculat-
ing the mmax andMecl for each N . Choosing aMecl and filling it randomly with stars is mass-constrained sampling and results
in a completely different expected mmax-Mecl relation as mass-constrained sampling changes the IMF (Weidner & Kroupa
2006). This is because it is not possible to reach in this way Mecl at a 100% level but only with a certain precision and
because, especially for low-mass clusters, it happens that a star randomly drawn is either more massive than the cluster itself
or adding it to the cluster changes the mass significantly. Generally, such stars are discarded and therefore the IMF changes.
Mass-constrained sampling can therefore never be scale-free.
2.2 Statistical tests
For easy implementation of the observed mmax-Mecl relation and in order to calculate statistical tests a 3rd-order polynomial
fit is calculated,
y =
{
a0 + a1x+ a2x
2 + a3x
3 for 3 6 Mecl/M⊙ 6 2.5 · 10
5
log10(150/M⊙) forMecl > 2.5 · 10
5M⊙
(1)
with y = log10(mmax/M⊙), x = log10(Mecl/M⊙), a0 = -0.66 ± 0.18, a1 = 1.08 ± 0.22, a2 = -0.150 ± 0.075, and a3 = 0.0084
± 0.0078. The correlation factor R2 is 0.91. The fit is only valid for 3 6 Mecl/M⊙ 6 2.5 ·10
5. In panel B of Fig. 1 only clusters
with uncertainties lower than 110% in Mecl
2 and mmax have been used to obtain the fits. 77% of the clusters which have
errors in Mecl and mmax in Table A1 are fully consistent within their errors with this fit. It needs to be kept in mind that the
uncertainties listed in Table A1 only address unresolved binaries and potentially misidentified stars. Other error sources, like
variable extinction, stellar variability, star loss due to gas expulsion and dynamical interactions (Oh & Kroupa 2012) are not
taken into account. It is therefore not unlikely that all the scatter seen in Fig. 1 is due to observational uncertainties and not
to variations of mmax between similar clusters. This means that the impact of physical parameters like rotational velocities of
the stars, binary stellar evolution, metallicity and magnetic fields may be very small.
The important question remains whether or not this expanded sample of most-massive stars in star-forming regions is
compatible with random sampling of stars from the IMF or not. The answer to this questions has important implications for
the theory of star-formation. If random sampling of stars from the IMF is observed then the isolated formation of O stars
would be possible. If O stars can only form in denser environments, massive star formation would be a distinct process like,
e.g. competitive accretion (Bonnell et al. 2003) or fragmentation induced star formation (Peters et al. 2011), different from
that of low-mass stars.
In order to quantify if the observed mmax-Mecl relation is in agreement with random sampling or not, we perform the
statistical tests. To do so, the geometrical distances of the observed sample of mmax-Mecl tuples to mean mmax-Mecl re-
lation from random sampling3, R(Mecl). The R(Mecl) was calculated from a large sample of Monte-Carlo experiments in
Weidner & Kroupa (2006), which itself agrees well with a mathematical determination by Selman & Melnick (2008).
The geometrical distances between the data and the expectation of random sampling, R(Mecl), are calculated by deter-
mining the shortest distance for each data point i as follows,
distancei = min
(√
[log10(mmax,i)− log10(m
′
max)]2 + [log10(Mecl,i)− log10(M
′
ecl)]
2
)
, (2)
2 The Mecl is usually calculated by extrapolating from an observed number of stars to the total sample by assuming an IMF (see also
Appendix A). For the upper and lower end of Mecl it is assumed that all observed stars could be unresolved binaries or 50% of them
could be foreground/background contamination. This usually results in errors of about 100% for Mecl
3 Note that random sampling is only given by using a number Necl of stars in a cluster, taking these randomly from the IMF and
calculating the mmax and Mecl values for each Necl. Starting from a given Mecl and populating it with stars randomly drawn from
the IMF is mass-constrained sampling and results in a completely different expected mmax-Mecl relation as mass-constrained sampling
changes the IMF (Weidner & Kroupa 2006). Mass-constrained sampling can therefore never be scale-free.
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Figure 2. Panel A: Visualisation of how the distances between the curves and the data are calculated. The dot symbolises one data
point, the dashed line is the expectation for random sampling, R(Mecl), the solid line is the distance between dot and dashed line and
the dotted lines indicate the coordinates used to calculate the distance. Panel B: Geometric distances of the observational data and
the Monte-Carlo clusters from the expectation for random sampling. The filled dots compare the full observational sample to the mean
expected from random sampling, the open (blue) boxes the low-error observational sample (panel B of Fig. 1) and the (red) triangles
the Monte Carlo clusters. Note that only a sub-sample of the 106 Monte-Carlo clusters is plotted for clarity.
where mmax,i and Mecl,i is the mmax and the Mecl of the i-th data point and m
′
max and M
′
ecl are, respectively, the mmax and
the Mecl values of the curves. When the observed mmax is lower than the R(Mecl) for the given Mecl the distance is multiplied
with minus one. Panel A of Fig. 2 shows a symbolic representation of this process.
These distances are then compared via a KS-test to the distances of a large sample of numerically created clusters to
R(Mecl). These numerically derived clusters are build the following way. A number of stars, Necl, is chosen and randomly
filled with stars from the IMF. The stars are added up the obtain the Mecl and the most-massive one, mmax, is searched
for. This procedure is repeated in total for 106 clusters. The Necl are randomly drawn from an embedded cluster number
function4. The embedded cluster number function, ξecl(Necl), gives the number of stars Necl in the interval Necl, Necl +dNecl,
is ξecl(Necl) ∝ N
−β
ecl . Here as parameters are a slope β of 2 from Necl,min = 10 stars to Necl,max = 10
6 stars.
Note that taking the Mecl directly from the ECMF makes random sampling challenging. Depending on how the Mecl is
filled with stars, it is generally impossible to exactly reach Mecl and when stars are rejected (e.g. when the star itself is much
more massive than the star cluster) the IMF is changed. Therefore, this process should be referred to as mass-constrained
sampling and not random sampling. The differences between several sampling methods are discussed in Weidner & Kroupa
(2006).
The distances of the observed sample and the Monte-Carlo sample to R(Mecl) are plotted in panel B of Fig. 2. The filled
dots in the plot mark the distances of the full observational sample to R(Mecl), the open (blue) boxes are the distances of the
low-error observational sample of panel B in Fig. 1 to R(Mecl) and the (red) triangles are the distances of a selection of 1116
of the 106 Monte-Carlo generated clusters to R(Mecl). It is clearly visible that the distances of the Monte-Carlo clusters are
well distributed around the expected mmax-Mecl relation for random sampling while the observations are not.
KS-tests are preformed on the data shown in panel B of Fig. 2 for the two hypothesis A) that the distances between the
full sample of observations to R(Mecl) are from the same distribution as the distances for the 10
6 Monte-Carlo clusters to
R(Mecl) and B) that the distances of the reduced observational sample of panel B in Fig. 1 to R(Mecl) are from the same
4 An embedded cluster number function is almost identical to the embedded cluster mass function (ECMF) but instead of providing the
mass for clusters chosen from the function it provides the number of stars, Necl, for a cluster chosen from it. The slope of both functions
are the same but they are offset to each other by the mean number of stars for a given IMF.
c© 2013 RAS, MNRAS 000, 1–24
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Figure 3. Panel A: Histograms of geometric distances of panel B of Fig. 2, normalised to the total number of observed clusters of
137. The solid (black) shaded histogram shows the distances of the full observational sample to the mean of random sampling, while
the (blue) dashed-line plots the distances to the mean of random sampling for the reduced (low-error) observational sample. The dotted
(red) is the histogram of 106 Monte-Carlo clusters to the mean of random sampling. Panel B: The cumulative distributions of the
distances for the KS-test. The solid (black) line shows the cumulative distribution of the distances of the full observational sample to
the mean of random sampling and the same is plotted for the reduced observational sample by the dashed (blue) line. The dotted (red)
line is cumulative distribution of the distances of 106 Monte-Carlo clusters to the mean of random sampling. The vertical lines indicate
the points of largest separation, D, between cumulative distribution of the Monte-Carlo clusters and the full observational sample (solid
vertical line) and the reduced one (dashed vertical line).
distribution as the distances for the 106 Monte-Carlo clusters to R(Mecl). The D-value
5 for hypothesis A is 0.483. The critical
Dα value for two samples with n = 137 data points and n
′
= 106 data points and α = 0.001 is 0.167. As D > Dα, hypothesis
A is rejected at the 99.9% confidence level. The two samples are not from the same distribution. For hypothesis B the D-value
is 0.440 - significantly larger than Dα=0.001 = 0.227 (for n = 74 and n
′
= 106). Therefore, hypothesis B can also be rejected at
a 99.9% confidence level. This leads to the conclusion with very high significance that the mmax values of the observed sample
of clusters are not randomly drawn from the IMF and that the observed mmax-Mecl relation is not compatible with random
sampling. The cumulative distributions for the KS-tests are shown in panel B of Fig. 3.
To test a possible impact of the choice of slope of the cluster mass function, the same Monte-Carlo experiment as before
has been repeated by drawing again 106 clusters but using cluster number function slopes of β = 1.6 and β = 2.4. After
calculating the expectation values for random sampling for these two slopes the distances of the full observational sample and
the Monte-Carlo samples to R(Mecl, β) have been calculated and KS-tests performed. The D for the distances of the β =
1.6 Monte-Carlo experiment to R(Mecl, β = 1.6) and the distances of the complete observed sample to R(Mecl, β = 1.6) is D
= 0.417, which is significantly larger than Dα=0.001 = 0.167. For the β = 2.4 Monte-Carlo sample D = 0.546 > Dα=0.001 =
0.167. It is therefore save to conclude that observations rule out scale-free star-formation.
3 THE EXPECTED NUMBER OF MASSIVE STARS FROM RANDOM SAMPLING AND FROM THE
mmax-Mecl RELATION
It is important to constrain the assumptions that enter the IGIMF theory. An important assumption is the existence of the
mmax-Mecl relation. A possible test of this relation is to assess whether or not the expected number of high-mass stars in a
5 When comparing two samples by means of a KS-test the critical value Dα for α = 0.001 (for sample sizes larger than 12) is then
arrived at by
√
(n+ n′ )/(n ∗ n′ ) times 1.95 = 0.167 for n = 137 (observational data) and n
′
= 106 (Monte-Carlo data). If D is larger
than this Dα, the given hypothesis can be rejected at a 99.9% confidence level (Lapin & Whisler 2001).
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Table 1. The expected numbers of A, B and O stars for individual embedded star-formation events of stellar mass Mecl with different
ages, an invariant canonical IMF sampled randomly and mmax∗ = 150 M⊙. To derive the 1 σ errors, Ntot is used to randomly realise
10000 clusters with masses within ± 10% of Mecl. There are no O stars at 100 Myr.
Mecl Ntot mmax∗ A1Myr B1Myr O1Myr A10Myr B10Myr O10Myr A100Myr B100Myr
M⊙ > 0.1 M⊙ M⊙
10 16 150 1 ± 1 0 -0/+1 0 ± 0 1 ± 1 0 -0/+1 0 ± 0 1 ± 1 0 -0/+1
100 164 150 5 ± 3 4 ± 2 0 -0/+1 5 ± 3 4 ± 2 0 -0/+1 5 ± 3 2 ± 2
1000 1636 150 48 ± 8 35 ± 7 3 ± 2 48 ± 8 35 ± 7 1 ± 1 48 ± 8 21 ± 6
10000 16359 150 477 ± 23 350 ± 20 32 ± 6 477 ± 23 350 ± 20 7 ± 3 477 ± 23 190 ± 20
100000 163587 150 4767 ± 83 3498 ± 72 322 ± 20 4767 ± 83 3498 ± 72 64 ± 10 4767 ± 83 2139 ± 49
star cluster differs significantly when the clusters are sampled from an invariant canonical IMF with a fixed upper mass limit
or when using the mmax-Mecl relation, or even when optimal sampling (Kroupa et al. 2013) is assumed.
Using the canonical IMF (Appendix B), ξ(m), it is possible to calculate the total number of stars in a cluster,
Ntot =
∫ mmax
mmin
ξ(m)dm = k
∫ mmax
mmin
ξ
′
(m)dm, (3)
when given a lower mass limit, mmin, an upper mass limit, mmax and the normalisation constant, k (eq. B1). The mmin is
set to 0.1 M⊙ and mmax is either given by the fundamental upper mass limit for stars, which is thought to be mmax∗ =150
M⊙ (Weidner & Kroupa 2004; Oey & Clarke 2005; Figer 2005; Koen 2006, but see Banerjee & Kroupa 2012) or the empirical
mmax-Mecl relation (eq. 1). The normalisation constant, k, is not known and can be derived by setting Mecl which is the
physically relevant quantity,
Mecl = k
∫ mmax
mmin
mξ
′
(m)dm. (4)
The expected number of stars in different mass bins [m1,m2] is then
N∗ =
∫ m2
m1
ξ(m)dm. (5)
For the calculations in this paper, A stars are assumed to have masses between 1.65 to 3 M⊙ (Adelman 2004), while O stars
are defined with masses from 18 to 150 M⊙ (Weidner & Vink 2010). Stars with masses between 3 and 18 M⊙ are set as B
stars.
For five different cluster masses the expected numbers of A, B and O stars are listed in Table 1 for a fixed upper mass
limit of 150 M⊙, three different ages (1, 10 and 100 Myr) and random sampling from the canonical IMF. For the same cluster
masses but using eq. 1 to determine mmax the numbers are in Table 2. In both tables only the numbers of stars are shown
(m > 0.1 M⊙). Brown dwarfs are not included.
The 1 σ errors included in the tables are determined by a Monte-Carlo method. For each mass, 10000 clusters are generated
with masses deviating at most ± 10% from the target masses and either randomly sampling m from the IMF with an upper
mass limit of 150 M⊙ or by using sorted sampling (Weidner & Kroupa 2006) in order to introduce the mmax-Mecl relation.
For sorted sampling Mecl is divided by the mean mass of the used IMF (for the canonical IMF between 0.1 and 150 M⊙ it
is mmean = 0.61 M⊙) which results in the expected number of stars for the cluster. This number of stars is randomly taken
from the IMF, sorted by mass and added, starting from the lowest mass star. When
∑N
i=1
mi = Mecl ± 10%, mmax = mN,
or, when
∑N−1
i=1
mi = Mecl ± 10% then mmax = mN−1. If the cluster mass is not reached, an additional number of stars is
randomly chosen and sorted into the first list of stars. The additional number is determined by dividing the difference of the
target cluster mass and the sum of the first star list by the mean mass. This extended list of stars is then summed up again
in the same manner as before. This procedure is iterated until the cluster mass is reached to a tolerance of 10%. For each of
the resulting distributions of O, B and A stars the half-full-width-half-maximum is then calculated and used as 1 σ errors.
As can be seen in the Tables 1 and 2 the choice of the different upper mass limit has very little effect on the expected
numbers of A, B and O stars even within the uncertainties. Introducing a cluster mass dependent upper mass increases the
total number of stars expected in low-mass clusters but the change is too small to be measurable. Testing for the existence
of a mmax-Mecl relation is thus not possible using the number of massive stars for a given Mecl. Instead, the distribution of
mmax values for different Mecl needs to be considered as has been done in § 2.
3.1 The number of stars in Taurus-Auriga and in the Orion cloud L1641
The Taurus-Auriga region is of special interest because it is the nearest known site of star-formation. Currently, 352 young
stellar objects (YSO) and stars are known to be situated in about 8 small clusters each with a radius of ≈ 0.3 pc (Kirk & Myers
2011) covering about 50 times 50 pc. 42 of the YSOs have masses above 1 M⊙ but the most-massive object weighs only 3.25
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Table 2. Like Table 1 but assuming the empirical eq. 1 instead of a fixed upper mass limit of 150 M⊙ and using sorted sampling
(Weidner & Kroupa 2006) which is very close to optimal sampling (Kroupa et al. 2013).
Mecl Ntot mmax A1Myr B1Myr O1Myr A10Myr B10Myr O10Myr A100Myr B100Myr
M⊙ > 0.1 M⊙ M⊙
10 23 2.3 1 -1/+0 1 -1/+0 0 ± 0 1 -1/+0 1 -1/+0 0 ± 0 1 -1/+0 1 -1/+0
100 185 10.8 5 ± 2 4 ± 1 1 -1/+0 5 ± 2 4 ± 1 1 -1/+0 5 ± 2 2 -2/+1
1000 1704 44.3 48 ± 7 37 ± 7 3 ± 1 48 ± 7 37 ± 7 1 -1/+0 48 ± 7 19 ± 4
10000 16562 101.4 476 ± 25 354 ± 18 32 ± 5 476 ± 25 354 ± 18 7 ± 3 476 ± 25 194 ± 17
100000 164210 135.2 4794 ± 95 3514 ± 56 324 ± 20 4794 ± 95 3514 ± 56 65 ± 9 4794 ± 95 2148 ± 50
M⊙ (Kirk & Myers 2011). If star-formation is following random sampling, it should not matter if any substructure exists
within the Taurus-Auriga region and the most-massive star should be set by the total number of stars (Elmegreen 2000). For
a canonical IMF and random sampling 9 stars above 3.25 M⊙ are expected to be present for a cluster with 42 YSOs above
1 M⊙. To estimate the likelihood that a cluster with so many stars above 1 M⊙ has no stars above 3.25 M⊙ a Monte-Carlo
experiment is used. 106 clusters are randomly filled with stars until each has 42 stars above 1 M⊙. Of these 10
6 clusters only
58 have no stars above 3.25 M⊙. Thus the probability is ≈ 6 ·10
−5 for this to occur. If all the 42 YSOs are unresolved binaries,
then for a flat mass-ratio distribution from random sampling (Kroupa 2008), 31 YSOs of the 42 systems are expected to be
more massive than 1 M⊙ and 6 should be above 3.25 M⊙. The probability of observing no such stars is ≈ 1.3 · 10
−3.
A possible interpretation of this result is that the IMF in Taurus-Auriga is different from the canonical IMF. On the
other hand Kirk & Myers (2011) found that the eight most-massive stars of the eight sub-structures in Taurus-Auriga follow
very well the mmax-Mecl relation (Fig. 1). But when combining the mass of all the small clusters into one cluster moves
Taurus-Auriga outside the 66% region such that it lies well below the mmax-Mecl-relation as is shown by the asterisk in Fig. 1.
Kirk & Myers (2011) showed that these sub-clusters are compatible with the canonical IMF, but the whole region is not a
single ’cluster’ but a conglomeration of several small clusters (Kroupa & Bouvier 2003). The deficiency of stars above 1M⊙ for
the whole region is exactly a sign of a ”local IGIMF effect”: a number of low-mass clusters with a low upper stellar mass limit
which together constitute a stellar population but without massive stars. This has also been found in simulations of collapsing
molecular clouds (Maschberger et al. 2010). The notion that Taurus-Auriga is not one but many small clusters would then
also explain the so-called ’inverse mass segregation’ found for the whole field (Parker et al. 2011; Maschberger & Clarke 2011).
Furthermore, it is important to bear in mind when studying the Taurus-Auriga region that here several young populations
are found with ages from below 1 Myr up to 30 or 40 Myr (Gu¨del et al. 2007). The original molecular clouds in which the
stars older than ≈ 10 Myr formed have long since dispersed and these stars are now well mixed with the younger populations.
Neuhaeuser et al. (1997) found that the radial velocity dispersion of the stars in Taurus-Auriga agrees very well with the stars
of about a few 107 yr to have traveled about 50 pc and are therefore well mixed with the younger populations in the region.
In a recent study Hsu et al. (2012) found a similar result for Orion. While the L1641 cloud has a similar total number of
YSOs as the Orion Nebula Cluster (ONC), the cloud has no O or B stars - in disagreement to what would be expected form
random sampling from an invariant IMF. Hsu et al. (2012) find 2362 stars above ≈ 0.1 M⊙ in L1641 and the most-massive
star to have 16 M⊙. The probability for no stars above 16 M⊙ to have formed from a sample of 2362 stars is 4 × 10
−3.
Therefore, random or stochastic sampling as a description of star formation in molecular clouds is ruled out with a very high
confidence of 99.6%. In Hsu et al. (2013) the authors come to the similar conclusion that it is highly unlikely that the stars
in the ONC and L1641 are drawn from the same population. Interestingly, after dividing L1641 in a northern (L1641-n)
and a southern part (L1641-s) Hsu et al. (2013) estimate the total stellar mass L1641-s with ≈ 1000 M⊙, the extend of the
star-formation period to 10 Myr and a mmax of 7 M⊙. This would result in an average star-formation rate (SFR) of 10
−4
M⊙ yr
−1. The relation between the SFR and the most-massive cluster, Mecl,max, in a galaxy from Weidner et al. (2004)
predicts Mecl,max = 88 M⊙. The mmax-Mecl relation results in a mmax for such a cluster of about 8 M⊙, which is within the
observational uncertainties of mmax in L1641-s. If optimal sampling (Kroupa et al. 2013)
6 is used to distribute the total mass
of L1641-s with a cluster mass function (with a slope of β = 2) between 5 M⊙ and 88 M⊙, 64 clusters are to be expected.
Within the area of L1641-s, it is probably not possible to separate all these clusters. The same calculation can be done for
Taurus-Auriga. Kirk & Myers (2011) list 8 sub-clusters with a total mass of 112 M⊙. Again when using a star-formation
period of 10 Myr, the SFR-Mecl,max-relation gives a Mecl,max of 17.2 M⊙, which if fairly close to the observed Mecl,max in
Taurus-Auriga of 22 M⊙. The mmax-Mecl relation gives 2.8 M⊙ as mmax, again very close to the observed 3.25 M⊙ (see
Table A1). Optimal sampling results in 10 clusters between 8 and 17.2 M⊙ for Taurus-Auriga while 8 are observed. If one
would use 7.5 Myr instead of 10 Myr, the calculated numbers would represent the observed ones even better. L1641-s and
Taurus-Auriga can therefore readily be seen as good examples of the IGIMF on local scales and that molecular clouds tend
to produce clusters of star clusters. Table 3 sums up the predictions and observations for Taurus-Auriga and L1641-s.
Note that a similar situation appears to have been found in the G305 star-forming complex (Faimali et al. 2012) which
6 The software McLuster has been used to calculate the optimally sampled distributions (Ku¨pper et al. 2011).
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Table 3. Observed and predicted quantities for Taurus-Auriga and L1641-s.
Name predicted observed predicted observed predicted observed
Mecl,max Mecl,max Nclusters Nclusters mmax mmax
[M⊙] [M⊙] [M⊙] [M⊙]
Taurus-Auriga 17.2 22 10 8 2.8 3.2
L1641-s 88 - 64 - 8 7
includes the two young star clusters Danks 1 and Danks 2 (Davies et al. 2012). But the available literature data does not
allow for a quantitative analyses yet.
4 CONCLUSIONS
Whether or not star-formation is a purely stochastic process is of profound importance for the understanding of stellar popu-
lations and for the chemical evolution of galaxies. The existence of a non-trivial mmax-Mecl relation would be in contradiction
to random star-formation. Several criticisms of the mmax-Mecl relation have been published in the past (Parker & Goodwin
2007; Maschberger & Clarke 2008; Lamb et al. 2010; Bestenlehner et al. 2011; Selier et al. 2011), but as can be seen in § 2.1
these can be proven as being based on misconceptions or misinterpretations of the available data. Apparent ’proofs’ for the
formation of O stars in isolation were shown to be questionable in Gvaramadze et al. (2012). An updated list of star clusters
used to determine the mmax-Mecl relation is presented in Table A1 in Appendix A. This data is also used to determine a
3rd-order polynomial fit (eq. 1) which is plotted in panel B of Fig. 1. The expanded sample of clusters is tested against the
expectation for random sampling of stars from the IMF, and the hypothesis that stars are randomly drawn from the IMF can
be excluded at a 99.9% confidence level. Furthermore, 76% of clusters with error measurements (127 clusters of Table A1) lie
within their errors on the 3rd-order polynomial fit to the data. Therefore, there is little room for an intrinsic dispersion of the
mmax-Mecl relation with physical parameters like metallicity, magnetic fields, rotation or binary stellar evolution.
Further, we calculated the expected numbers of O, B and A stars in star clusters of different mass (Tables 1 and 2) when
assuming random sampling or when the most-massive star is constrained by the mmax-Mecl relation. It turns out that the
numbers do not depend on whether a physical mmax-Mecl relation (Table 2) is assumed to be valid or not (Table 1). But
the existence of such a relation can be addressed by studying whole star-forming regions. One example is Taurus-Auriga,
where random sampling from the canonical IMF can not explain the relatively low mass of the most-massive star while the
local IGIMF theory accounts excellently for the observations. The sub-clusters individually follow the mmax-Mecl relation but
the most-massive sub-cluster sets the most-massive star for the whole region. When assuming that the total mass of all
sub-clusters formed over a time scale of 10 Myr and using the SFR-Mecl,max relation as well as the mmax-Mecl relation,
the most-massive star in Taurus-Auriga as well as the most-massive sub-cluster and the number of sub-clusters agree well
between theory and observations (Table 3). Another such case is the Orion molecular cloud, where essentially all OB stars
are situated within the ONC, but the whole cloud has produced 5000-10000 stars in total. As the ONC is already deficient
in OB stars (Pflamm-Altenburg & Kroupa 2006), it becomes quite clear that again random sampling would not account for
the stellar census. In Hsu et al. (2012) and Hsu et al. (2013) it is found that the part of the cloud south of the ONC, which
is called L1641, is deficient in O stars on a three to four σ level. Again the local IGIMF theory predicts the mass of the
most-massive star in the region well. Thus, star-forming molecular clouds may be the best testbed for discerning whether
star formation initially samples stars randomly from the IMF or whether the non-invariant IGIMF theory is the relevant
description. Comparing the number of sub-clusters and their most-massive stars of resolvable star forming regions with the
local IGIMF theory would allow to put further constrains on the local IGIMF theory and the mmax-Mecl relation. Though,
one has to keep in mind that observing sub-clusters can be very difficult as these tend to disperse quickly and projection
effects of the real 3D space structure can prevent an identification in many cases. As Taurus-Auriga is very nearby and a
relatively low-density star-forming region the study of the sub-clusters is easier.
While still widely used in cosmology and extragalactic stellar populations studies, an invariant IMF for galaxies is chal-
lenged by mounting observational evidence (Lucatello et al. 2005; van Dokkum 2008; Hoversten & Glazebrook 2008; Dave´
2008; Elmegreen 2008; Wilkins et al. 2008; Meurer et al. 2009; Lee et al. 2009; Habergham et al. 2010; Gunawardhana et al.
2011; Dabringhausen et al. 2012; Cappellari et al. 2012; Ferreras et al. 2013). The results presented here and in application to
extra-galactic problems (Ko¨ppen et al. 2007; Pflamm-Altenburg et al. 2007; Pflamm-Altenburg & Kroupa 2008; Pflamm-Altenburg et al.
2009; Recchi et al. 2009; Weidner et al. 2011b) clearly demonstrate that the IGIMF-theory is readily able to reproduce the
observational data very well. The IGIMF-theory, based on the knowledge of the local star-formation process, is therefore a
useful description of large-scale star-formation in whole galaxies.
Independently of the observational results but adopting the observed correlations and distribution functions in star-
forming galaxies, it has become evident that the IMF of a whole galaxy, the IGIMF, must differ from the canonical IMF,
thus implying the IGIMF to vary with the SFR of the galaxy. While the above demonstrates that the IGIMF theory is in
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good agreement with the latest observational data it is necessary to further test the theory. Here we have argued that nearby
star-forming regions are fully compatible with the assumptions that enter the IGIMF theory and that they falsify random
sampling.
Our conclusions are that randomly sampled IMFs are most-likely in contradiction to the observed reality, that is, a
purely stochastic descriptions of star formation on the scales of a pc and above are deemed to be highly unlikely. Instead,
star formation seems to follow well defined laws. Even if one assumes that the here studied clusters are a small sub-sample of
the possibilities of star-formation it needs to be kept in mind that for scale-free star-formation, also any sub-sample has to be
immediately scale-free as well. Therefore using cluster and OB associations to test the nature of star-formation is perfectly
valid. If star formation were to be inherently stochastic, in the sense that stars are randomly selected from the full IMF, then the
star-formation simulation results (see § 2) would imply that a strong randomisation agent during star formation is necessary.
This is because the simulations already lead to a good agreement with the empirical mmax-Mecl relation despite being based
mostly on gravitational physics. In other words, the well-ordered process of stars arising from a molecular cloud core captured
by pure gravitationally driven accretion would have to be upset completely through this putative agent. A possibility for such
an agent might be stellar feedback but it is difficult to see how feedback could unsettle the whole molecular cloud quickly
enough to make star formation appear to be a random process. The concept that star-formation is random can therefore be
considered to being probably unphysical.
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APPENDIX A: STAR CLUSTER CATALOGUE
Table A1 shows the clusters used for the mmax-Mecl relation analysis in this work and plotted in Fig. 1. Besides the objects
already listed in Weidner et al. (2010), 26 new clusters are added and one was corrected (No. 85 in this list). Furthermore, the
sub-clusters as characterised by Kirk & Myers (2011) for Taurus Auriga, IC 348 and Cha I are included as individual objects.
The references for the data are shown in Table A2.
For the clusters for which the number of stars above a mass limit or within a mass range are given in the literature, the
cluster mass, Mecl, is calculated by assuming a canonical IMF (Appendix B) from 0.01 to 150 M⊙ and extrapolating to the
total population from the observational mass limits. For the error determination, the error in the number of stars (if given in
the literature) is combined with the assumption that all stars could be unresolved binaries for an upper mass limit and that
50% of the stars are misidentified as cluster members for the lower mass limit. In the cases where no observed numbers of
stars and their mass limits were given in the references, literature values for Mecl have been used.
The mass of the most-massive star, mmax, is either deduced from the spectral type of the most-massive star by using a
spectral-type–stellar-mass relation for O stars (Weidner & Vink 2010) and B stars (Hanson et al. 1997) or, when this was not
possible and in the case of exotic spectral types (like Luminous Blue Variables or Wolf-Rayet stars), literature values have been
inserted into the table. For the errors in mmax, ± 0.5 was assumed for the spectral subclass. For example, an O5V star would
be evaluated as O4.5V and O5.5V for the maximum and minimum mass, respectively. In general, the mmax values changed a
few percent (maximal 10% in very few cases) for most of the O stars compared to the ones published in Weidner et al. (2010),
as in that work a preliminary version of the spectral-type–stellar-mass relation of Weidner & Vink (2010) had been used.
For a cluster to be included in the Table, it has to fulfil several criteria. Most importantly, the age has to be below 4 and
better below 3 Myr to exclude the possibility that the most-massive star has already exploded as a supernova. Clusters with
known supernova remnants have been excluded even if their age would formally be below 4 Myr. Binary stellar evolution and
subsequent stellar merging can lead to premature supernovae. Preferably, the cluster should be still at least partly enshrouded
in its molecular cloud. Gas expulsion leads to loss of stars and while it is unlikely to loose the most-massive star through this
process (Oh & Kroupa 2012) it will bias Mecl towards lower masses.
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Table A1: Literature data for the mmax-Mecl relation. The table shows
empirical cluster masses (Mecl), maximal star masses (mmax,obs) within
these clusters, cluster ages (age), distances (D), the numbers of stars
above or within certain mass limits (in M⊙), the name and the spec-
tral type of the most-massive star. References for the data are given in
Table A2.
No. Designation Mecl mmax obs age D # of stars Id mmax Sp Type
[M⊙] [M⊙] [Myr] [kpc] > M⊙ mmax
1 IC 348 2∗,† 3 0.5 1.3 0.31 - - -
2 Cha I 3∗,† 4 0.9 2.0 0.17 - - -
3 B59∗ 7+8−4 0.9
+0.3
−0.1 2.6 ± 0.8 0.13 20 > 0.1 - -
4 Taurus-Auriga 7∗,† 8 1.1 1-2 0.14 - - -
5 Taurus-Auriga 8∗,† 8 1.1 1-2 0.14 - - -
6 Taurus-Auriga 6∗,† 11 1.8 1-2 0.14 - - -
7 Taurus-Auriga 3∗,† 13 3.0 1-2 0.14 - - -
8 IRAS 05274+3345† 14+15−7 7.0 ± 2.5 1.0 1.8 15 > 0.24 - B2
9 Taurus-Auriga 5∗,† 16 2.5 1-2 0.14 - - -
10 Mol 139 16 ± 8 2.9 ± 2.0 <1 7.3 - - -
11 Taurus-Auriga 2∗,† 16 3.0 1-2 0.14 - - -
12 Taurus-Auriga 4∗,† 18 2.5 1-2 0.14 - - -
13 Lupus 3∗,† 18 2.8 2.0 0.2 - - -
14 Cha I 2∗,† 20 3.0 2.0 0.17 - - -
15 Mol 143 21 ± 10 3.1 ± 2.0 <1 5.0 - - -
16 Taurus-Auriga 1∗,† 22 3.0 1-2 0.14 - - -
17 IRAS 06308+0402 24+25−13 11.0 ± 4.0 1.0 1.6 16 > 0.37 - B0.5
18 VV Ser† 25+27−13 3.3 ± 1.0 0.6 0.44 24 > 0.3 VV Ser B9e
19 VY Mon 28+29−15 4.1 ± 1.0 0.1 0.8 26 > 0.3 VY Mon B8e
20 Mol 8A 30 ± 15 3.8 ± 2.0 <1 11.5 - - -
21 IRAS 05377+3548† 30+32−15 9.5 ± 2.5 1.0 1.8 31 > 0.24 - B1
22 Ser SVS2† 31+31−16 2.2 ± 0.2 2.0 0.259 ± 0.037 50 > 0.17 BD 01
◦ 3689 A0
23 IRAS 05553+1631† 31+33−16 9.5 ± 2.5 1.0 2.0 28 > 0.28 - B1
24 IRAS 05490+2658† 33+36−17 7.0 ± 2.5 1.0 2.1 30 > 0.29 - B2
25 IRAS 03064+5638† 33+36−17 11.0 ± 4.0 1.0 2.2 27 > 0.31 - B0.5
26 IRAS 06155+2319 34+35−18 9.5 ± 2.5 1.0 1.6 38 > 0.21 - B1
27 Mol 50 36 ± 18 3.5 ± 2.0 <1 4.9 - - -
28 Cha I 1∗,† 40 3.0 2.0 0.17 - - -
29 Mol 11 47 ± 20 3.8 ± 2.0 <1 2.1 - - -
30 IRAS 06058+2138 51+54−27 7.0 ± 2.5 1.0 2.0 26 > 0.49 - B2
31 NGC 2023† 55+58−28 8.0 ± 2.0 3.0 0.4 21 > 0.6 HD 37903 B1.5V
32 Mol 3 61 ± 20 3.7 ± 2.0 <1 2.17 - - -
33 Mol 160† 63 ± 20 4.3 ± 2.0 <1 5.0 - - -
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Table A1: continued.
No. Designation Mecl mmax obs age D # of stars Id mmax Sp Type
[M⊙] [M⊙] [Myr] [kpc] > M⊙ mmax
34 NGC 7129 63+104−33 9.2 ± 3.0 0.1 1.0 53 > 0.3 / 3 > 3 BD 65
◦ 1637 B3e
35 IRAS 06068+2030† 67+70−35 11.0 ± 4.0 1.0 2.0 59 > 0.28 - B0.5
36 IRAS 00494+5617† 71+74−37 9.5 ± 2.5 1.0 2.2 58 > 0.31 - B1
37 V921 Sco 71+429−36 15.0 ± 5.0 0.1-1 0.8 33 > 0.5 V921 Sco B0e
38 IRAS 05197+3355 72+75−38 11.0 ± 4.0 1.0 3.2 34 > 0.50 - B0.5
39 IRAS 05375+3540† 73+78−38 11.0 ± 4.0 1.0 1.8 74 > 0.24 - B0.5
40 IRAS 02593+6016 78+81−41 15.0 ± 5.0 1.0 2.2 61 > 0.31 - B0
41 Mol 103† 80 ± 20 4.0 ± 2.0 <1 4.1 - - -
42 NGC 2071 80+89−44 4.0 ± 2.0 1.0 0.4 105 > 0.2 V1380 Ori B5
43 Cha I (whole field) 80+91−46 5.0 ± 3.0 2.0 0.17 ± 0.01 237 > 0.04 HD 96675 B6IV/V
44 MWC 297 85 ±60 8.3+13.7−1.3 0.1-1 0.25 or 0.45 24 > 0.3 - B1.5V/O9e
45 BD 40◦ 4124 90+106−49 12.9
+2.0
−6.0 0.1-6 1.0 74 > 0.3/ 3 > 3 BD 40
◦ 4124 B2e
46 ρ Oph† 91+93−46 9.5 ± 2.5 0.1-1 0.13 ± 0.02 78 >0.3 ρ Oph BIV
47 IRAS 06056+2131 92+97−49 7.0 ± 2.5 1.0 2.0 85 > 0.28 - B2
48 IRAS 05100+3723† 98+103−51 15.0 ± 5.0 1.0 2.6 63 > 0.38 - B0
49 R CrA† 105+114−55 4.0 ± 2.0 1.0 0.13 55 > 0.5 R CrA A5eII
50 NGC 1333† 105+111−54 5.0 ± 1.0 1-3 0.25 134 > 0.2 SSV 13 -
51 Mol 28† 105 ± 20 9.9 ± 2.0 <1 4.5 - - -
52 IRAS 02575+6017† 111+116−57 9.5 ± 2.5 1.0 2.2 91 > 0.31 - B1
53 Taurus-Auriga (whole field) 112 ± 22 3.2 ± 0.4 1-2 0.14 - - B1
54 IC 348 1∗,† 126 4.0 ± 2.0 1.3 0.31 - BD 31◦643 B5V
55 W40 144+576−80 10.0 ± 5.0 1-2 0.6 3 > 4 IRS 2a -
56 σ Ori† 150+155−76 18.6
+5.4
−5.6 2.5 0.36 ± 0.06 140 ± 10 (0.2-1.0) σ Ori A O9-9.5V
57 NGC 2068 151+169−86 5.0 ± 3.0 1.0 0.4 192 > 0.2 HD 38563A B4V
58 NGC 2384† 189+192−95 16.5 ± 1.5 1.0 2.1 7 > 3 HD 58509 B0.5III
59 LkHα 101∗ 195+295−123 12.3
+5.7
−5.3 1 0.51 ± 0.1 271 > 0.1 M⊙ - B0-1V
60 Mon R2† 225+236−117 15.0 ± 5.0 0-3 0.83 ± 0.05 309 > 0.15 IRS 1SW B0
61 IRAS 06073+1249† 239+242−120 11.0 ± 4.0 1.0 4.8 25 > 1.47 - B0.5
62 Trumpler 24 251+291−131 14.5 ± 2.5 1.0 1.14 4 > 5 GSC 7872-1609 WN
63 IC 5146 293+305−226 15.0 ± 5.0 1.0 0.9 238 > 0.3 / 5 > 3 BD 46
◦ 3474 B0e
64 HD 52266 400 ± 350 20.9+8.1−6.9 <3.0 1.7 ± 1.0 4 ± 2 > 4 HD 52266 O8-9V
65 HD 57682 400 ± 350 20.9+8.1−6.9 <3.0 ? 4 ± 5 > 4 HD 57682 O8-9V
66 Alicante 5 461+516−234 12.0 ± 4.0 <3.0 3.6
+0.6
−0.4 22 > 2.5 A47 B0.7V
67 Cep OB3b† 485+497−243 27.5
+9.5
−7.5 3.0 0.8 ± 0.1 12 > 4 HD 217086 O7Vn
68 HD 153426 500 ± 350 29.1+7.9−7.1 <3.0 ? 5 ± 4 > 4 HD 153426 O6.5-7V
69 Sh2-294† 525+540−267 11.0 ± 4.0 4.0 3.2 155 > 0.7 S294B0.5V B0.5V
70 NGC 2264† 525+537−267 27.5
+9.5
−7.5 3.0 0.76 ± 100 1000 > 0.08 S Mon / HD 47839 O7Ve
71 RCW 116B 536+557−276 16.1
+12.9
−9.1 2.5 1.1 102 > 0.95 - O8V-B1V
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Table A1: continued.
No. Designation Mecl mmax obs age D # of stars Id mmax Sp Type
[M⊙] [M⊙] [Myr] [kpc] > M⊙ mmax
72 Alicante 1† 577+583−290 34.7
+13.3
−10.7 2-3 4.0 ± 400 38 > 2.0 BD 56
◦ 864 O6V
73 RCW 36∗ 591+619−305 20.9
+8.1
−6.9 2.5 ± 0.5 0.7 349 > 0.04 M⊙ - O8-9V
74 HD 52533 621+1077−417 20.1
+5.9
−6.1 <3.0 ? 15 ± 5 > 4 HD 52533 O8.5-9V
75 Sh2-128 666+736−342 27.5
+9.5
−7.5 2.0 9.4 7 > 7 - O7V
76 NGC 6383† 668+671−334 27.5
+9.5
−7.5 2.0 1.3 ± 100 21 > 3 HD 159176 O7V + O7V
77 NGC 2024 690+706−350 14.8
+14.2
−10.5 0.5 0.4 309 > 0.5 IRS 2b O8V - B2V
78 HD 195592† 725+757−364 32.7
+8.3
−8.7 <3.0 ? 18 ± 3 > 4 HD 195592 O6-6.5V
79 Sh2-173 748+901−395 19.2
+6.8
−6.2 0.6-1.0 2.5 ± 0.5 7 > 7 BD 60
◦ 39 O9V
80 DBSB 48 792+1126−416 45.2
+11.8
−12.2 1.1 5.0 ± 0.7 5 > 10 - O5V
81 NGC 2362† 809+823−409 29.5
+30.5
−9.5 3.0 1.39 ± 0.2 353 > 0.5 τ CMa O9Ib
82 [BDSB2003] 164∗ 842+1065−429 32.2
+20.8
−8.2 4 3.2 15 > 5 M⊙ - O5-9V
83 Pismis 11† 896+938−448 40.0
+40.0
−0.0 3-5 3.6
+0.6
−0.4 43 > 2.5 HD 80077 B2Ia
84 [FSR2007] 777∗ 949+2166−758 17 ± 5 3 ± 2 2.69 ± 0.3 37 > 2.9 M⊙ - -
85 NGC 6530a,† 1118+1132−564 55.5
+13.5
−12.5 2.3 1.35 ± 0.2 620 > 0.4 9 Sgr O4V
86 [FSR2007] 734∗ 1175+1202−833 95 ± 30 2 ± 1 2.62 ± 0.3 1266 > 0.18 M⊙ - -
87 [FSR2007] 761∗ 1184+2426−893 11
+3
−4 2 ± 1 2.54 ± 0.3 73 > 1.3 M⊙ - -
88 [DBSB2003] 177∗ 1265+1266−633 55.5
+13.5
−12.5 1 18 23 > 5 M⊙ - O4V
89 FSR 1530 1410+1581−707 30.0 ± 15.0 <4.0 2.75 ± 0.75 35 > 4 [M81]I-296 -
90 [DB2000] 52∗ 1416+1591−724 25.1
+9.9
−8.1 2 ± 1 2 25 > 5 M⊙ - O7-8V
91 Pismis 5∗ 1428+1446−714 13
+7
−3 5 ± 4 7.2 103 > 1.9 M⊙ - -
92 Berkeley 86† 1440+1470−730 22.6
+9.4
−7.6 3-4 1.7 340 > 0.8 HD 193595 O8V(f)
93 CC01∗ 1453+1480−743 15.0 ± 5.0 2 ± 1 3.5 520 > 0.6 M⊙ L4 B0V
94 NGC 637† 1682+1726−854 22.6
+9.4
−7.6 4.0 2.16 583 M⊙ > 1.6 - ≈ O8
95 [DB2000] 26∗ 1705+1721−852 50.4
+12.6
−12.4 2 ± 1 10 31 > 5 M⊙ - O4-5V
96 W5Wb† 1734+1757−874 25.0
+12.0
−8.0 2.0 2.0 300 > 1 BD 60
◦ 586 O7.5V
97 Stock 16 1857+2045−955 33.4
+13.3
−8.4 4.0 1.65 16 > 8 HD 115454 O7.5III
98 vdB80∗ 2047+2058−1024 22
+3
−4 5 ± 2 2.1 112 > 2.3 M⊙ NSV 2998 B8
99 ONC† 2124+2175−1078 34.7
+13.3
−10.7 <1.0 0.414 ± 0.007 3500 (0.1 - 30) Θ Orionis C1 O6Vpe
100 RCW 38† 2251+2276−1132 39.9
+13.1
−11.9 <1.0 1.7 2000 > 0.25 IRS 2 O5.5V
101 Bochum 2 2284+3523−1302 27.5
+9.5
−7.5 2-4 2.7 4 > 16 BD 00
◦ 1617B O7V
102 [BDSB2003] 96∗ 2286+2300−1150 24
+2
−4 5 ± 3 1.4 176 > 1.8 M⊙ HD 53623 B1II/III
103 Berkeley 59† 2310+2417−1168 27.5
+9.5
−7.5 2.0 1.0 41 > 5 BD 66
◦ 1675 O7V
104 IC 1590 2376+2799−1245 30.7
+10.3
−8.7 3.5 2.9 14 > 10 BD 55
◦ 191 O6.5V
105 [FSR2007] 817∗ 2386+3506−2133 11
+3
−4 2 ± 2 2.3 ± 0.3 113 > 2.5 M⊙ - -
106 W5E† 2614+2667−1323 27.5
+9.5
−7.5 2.0 2.0 400 - 500 > 1 HD 18326 O7V
107 W5Wa† 2651+2690−1338 39.4
+10.6
−8.4 2.0 2.0 400 - 500 > 1 HD 17505 O6.5III
108 NGC 1931† 3128+3163−1564 22.6
+9.4
−7.6 4.0 3.086 848 M⊙ > 2.39 - ≈ O8
109 Danks 2∗ 3573+3990−1832 39.5
+41.5
−23.3 3
+3
−1 3.8 ± 0.6 27 > 9 M⊙ D2-1 O8-B3I
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Table A1: continued.
No. Designation Mecl mmax obs age D # of stars Id mmax Sp Type
[M⊙] [M⊙] [Myr] [kpc] > M⊙ mmax
110 Mercer 23∗ 3687+3793−1859 100
+50
−20 3 ± 1 6.5 ± 0.3 249 > 1.9 M⊙ - WNL7-8/O6If
111 LH 118† 3746+4077−1918 45.2
+11.8
−12.2 3.0 48.5 28 > 9 LH 118-241 O5V
112 NGC 2103† 3853+3905−1937 85.8
+34.2
−21.8 1.0 48.5 26 > 10 Sk -71
◦ 51 O2V((f∗))
113 [FSR2007] 944∗ 4163+10202−3900 10 ± 4 3 ± 2 2.42 ± 0.3 298 > 1.9 M⊙ - -
114 [BDSB2003] 106∗ 4516+4685−2260 45.1
+17.9
−17.1 <5 11 82 > 5 M⊙ - O4-6V
115 NGC 7380† 4527+4611−2290 37.3
+10.7
−9.3 2.0 3.7 42 (6 - 12) HD 215835 O5.5-6V((f))
116 GLIMPSE 30∗ 4528+4619−2297 90 ± 30 3.5 ± 0.5 7.2 ± 0.9 230 > 2.35 M⊙ - WN6-7
117 NGC 6231† 4595+4676−2312 42.0
+41.0
−8.0 1.0 1.6 51 > 7 HD 152248 O7Ib
118 RCW 106† 4681+4871−2375 35.3
+12.7
−11.3 2.5 1.1 41 > 8 - O5.5-6.5V
119 IC 1484∗ 4705+4834−2389 34.7
13.3
−10.7 1.5 2 386 > 1.7 M⊙ HD 17505 O6Ve
120 NGC 6823 4983+5685−2584 27.5
+9.5
−7.5 2-4 1.9 42 > 8 BD 22
◦ 3782 O7V(f)
121 [FSR2007] 846∗ 5132+11621−4791 19 ± 5 3 ± 2 2.48 ± 0.3 281 > 2.3 M⊙ - -
122 RCW 121† 5323+5390−2671 40.0
+13.0
−12.0 4.2 1.6 96 > 5 - O5-6V
123 [FSR2007] 890∗ 5345+13802−5126 11
+3
−4 3 ± 2 2.58 ± 0.3 288 > 2.3 M⊙ - -
124 [FSR2007] 888∗ 5935+16537−5763 11
+3
−4 3 ± 2 2.65 ± 0.3 249 > 2.7 M⊙ - -
125 NGC 2244† 5946+6102−3029 55.5
+13.5
−12.5 1.9 1.5 54 (6 - 12) HD 46223 O4V(f)
126 NGC 2122† 6764+6960−3416 46.6
+30.4
−9.6 3.0 48.5 52 > 9 HD 270145 O6I(f)
127 [BDSB2003]107∗ 6859+12355−3519 50.4
+12.6
−12.4 <5 5.8 125 > 5 M⊙ - O4-5V
128 Danks 1∗ 6952+6986−3479 120
+30
−20 1.5
+1.5
−0.5 3.8 ± 0.6 48 > 10 M⊙ D1-1 WNLh
129 [DBS 2003] 179† 7000 ± 3500 70.0 ± 10.0 2-5 7.9 10 > 16 Obj 4 Ofpe/WN9
130 Westerlund 2† 8845+9009−4456 121.0
+29.0
−43.8 1-3 4.16 29 > 16.5 WR20a A WN6ha
131 RCW 95† 9670+9720−4840 67.3
+15.7
−14.3 1.5 2.4 136 > 6 - O3V
132 IC 1805† 10885+11137−5528 57.0
+13.0
−11.0 2.0 2.35 99 (6 - 12) HD 15558 O4-5III(f)
133 NGC 6357 11978+11979−6430 65.8
+47.2
−7.8 1.0 2.56 38 > 16.5 HDE 319718A O3If
134 NGC 3603† 1.3 · 104 ± 3000 121+29−41 0.7 6.0 - NGC 3603-B WN6ha
135 Trumpler 14/16† 17890+18676−8945 99.8
+50.2
−39.8 1.7 2.5 64 > 16 η Carina LBV
136 NGC 6611† 25310+25503−12659 61.7
+13.3
−10.7 1.3 1.8 460 > 5 HD 168076 O4III
137 Cyg OB2† 75890+78716−38453 92
+58
−25 2.0 1.7 8600 > 1.3 Cyg OB2-12 B8Ia
138 Arches† 77225+77225−39250 111
+39
−41 2.5 7.62 196 > 20.1 N4 WN7-8h
139 R 136† 222912+224426−112104 125.4
+24.6
−45.4 1-2 48.5 8000 > 3 R136a1 O2If
∗/WN4.5
∗ These clusters were not included in Weidner et al. (2010).
† These clusters constitute the ’low-error’ sub-sample (see § 2.2 for details).
a NGC 6530 was already included in Weidner et al. (2010) but due to an error the wrong most-massive star was assigned to the cluster. This error does not change any
of the Weidner et al. (2010) results.
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Table A2: References for the cluster data in Tab. A1 in the same order.
Nr. Designation References
1 IC 348 2 Kirk & Myers (2011)
2 Cha I 3 Kirk & Myers (2011)
3 B59 Covey et al. (2010)
4 Taurus-Auriga 7 Kirk & Myers (2011)
5 Taurus-Auriga 8 Kirk & Myers (2011)
6 Taurus-Auriga 6 Kirk & Myers (2011)
7 Taurus-Auriga 3 Kirk & Myers (2011)
8 IRAS 05274+3345 Carpenter et al. (1990, 1993)
9 Taurus-Auriga 5 Kirk & Myers (2011)
10 Mol 139 Faustini et al. (2009)
11 Taurus-Auriga 2 Kirk & Myers (2011)
12 Taurus-Auriga 4 Kirk & Myers (2011)
13 Lupus 3 Kirk & Myers (2011)
14 Cha I 2 Kirk & Myers (2011)
15 Mol 143 Faustini et al. (2009)
16 Taurus-Auriga 1 Kirk & Myers (2011)
17 IRAS 06308+0402 Carpenter et al. (1990, 1993)
18 VV Ser Testi et al. (1997, 1998, 1999); Wang & Looney (2007)
19 VY Mon Testi et al. (1997, 1998, 1999); Wang & Looney (2007)
20 Mol 8A Faustini et al. (2009)
21 IRAS 05377+3548 Carpenter et al. (1990, 1993)
22 Ser SVS2 Kaas et al. (2004)
23 IRAS 05553+1631 Carpenter et al. (1990, 1993)
24 IRAS 05490+2658 Carpenter et al. (1990, 1993)
25 IRAS 03064+5638 Carpenter et al. (1990, 1993)
26 IRAS 06155+2319 Carpenter et al. (1990, 1993)
27 Mol 50 Faustini et al. (2009)
28 Cha I 1 Kirk & Myers (2011)
29 Mol 11 Faustini et al. (2009)
30 IRAS 06058+2138 Carpenter et al. (1990, 1993)
31 NGC 2023 Sellgren (1983); Depoy et al. (1990); Lada et al. (1991)
32 Mol 3 Faustini et al. (2009)
33 Mol 160 Faustini et al. (2009)
34 NGC 7129 Gutermuth et al. (2004); Wang & Looney (2007)
35 IRAS 06068+2030 Carpenter et al. (1990, 1993)
36 IRAS 00494+5617 Carpenter et al. (1990, 1993)
37 V921 Sco Gutermuth et al. (2004); Wang & Looney (2007)
38 IRAS 05197+3355 Carpenter et al. (1990, 1993)
39 IRAS 05375+3540 Carpenter et al. (1990, 1993)
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Table A2: continued.
Nr. Designation References
40 IRAS 02593+6016 Carpenter et al. (1990, 1993)
41 Mol 103 Faustini et al. (2009)
42 NGC 2071 Lada et al. (1991)
43 Cha I (whole field) Luhman (2008); Kirk & Myers (2011)
44 MWC 297 Testi et al. (1997, 1998, 1999); Wang & Looney (2007)
45 BD 40◦ 4124 Testi et al. (1997, 1998, 1999); Wang & Looney (2007)
46 ρ Oph Wilking et al. (1989); Larson (2003); Wilking et al. (2008)
47 IRAS 06056+2131 Carpenter et al. (1990, 1993)
48 IRAS 05100+3723 Carpenter et al. (1990, 1993)
49 R CrA Neuha¨user & Forbrich (2008)
50 NGC 1333 Aspin (2003); Getman et al. (2002); Gutermuth et al. (2008)
51 Mol 28 Faustini et al. (2009)
52 IRAS 02575+6017 Carpenter et al. (1990, 1993)
53 Taurus-Auriga (whole field) Kirk & Myers (2011)
54 IC 348 1 Preibisch & Zinnecker (2001); Lada & Lada (2003); Kirk & Myers (2011)
55 W40 Smith et al. (1985); Rodney & Reipurth (2008)
56 σ Ori Sherry et al. (2004); Bouy et al. (2009)
57 NGC 2068 Sellgren (1983); Lada et al. (1991)
58 NGC 2384 Pandey et al. (1989)
59 LkHα 101 Andrews & Wolk (2008); Wolk et al. (2010)
60 Mon R2 Carpenter et al. (1997); Preibisch et al. (2002)
61 IRAS 06073+1249 Carpenter et al. (1990, 1993)
62 Trumpler 24 Heske & Wendker (1984); Pandey et al. (1989)
63 IC 5146 Walker (1959); Forte & Orsatti (1984); Pandey et al. (1989)
Wang & Looney (2007); Mayne et al. (2007)
64 HD 52266 de Wit et al. (2004, 2005)
65 HD 57682 de Wit et al. (2004, 2005)
66 Alicante 5 Marco & Negueruela (2009)
67 Cep OB3b Naylor & Fabian (1999); Pozzo et al. (2003); Mayne et al. (2007)
68 HD 153426 de Wit et al. (2004, 2005)
69 Sh2-294 Yun et al. (2008)
70 NGC 2264 Sung et al. (2004); Mayne et al. (2007); Dahm (2008)
71 RCW 116B Roman-Lopes (2007)
72 Alicante 1 Negueruela & Marco (2008)
73 RCW 36 Baba et al. (2004, 2006)
74 HD 52533 de Wit et al. (2004, 2005)
75 Sh2-128 Bohigas & Tapia (2003)
76 NGC 6383 Rauw et al. (2003); Paunzen et al. (2007); Rauw & De Becker (2008)
77 NGC 2024 Lada et al. (1991); Haisch et al. (2000); Sherry et al. (2004)
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Table A2: continued.
Nr. Designation References
78 HD 195592 de Wit et al. (2004, 2005)
79 Sh2-173 Cichowolski et al. (2009)
80 DBSB 48 Ortolani et al. (2008)
81 NGC 2362 Mayne et al. (2007); Dahm & Hillenbrand (2007)
82 [BDSB2003] 164 Borissova et al. (2006)
83 Pismis 11 Marco & Negueruela (2009)
84 [FSR2007] 777 Froebrich et al. (2007)
85 NGC 6530 Prisinzano et al. (2005); Damiani et al. (2004, 2006)
Mayne et al. (2007); Chen et al. (2007)
86 [FSR2007] 734 Froebrich et al. (2007)
87 [FSR2007] 761 Froebrich et al. (2007)
88 [DBSB2003] 177 Borissova et al. (2005)
89 FSR 1530 Froebrich et al. (2008)
90 [DB2000] 52 Borissova et al. (2005)
91 Pismis 5 Bonatto & Bica (2009b)
92 Berkeley 86 Massey et al. (1995); Vallenari et al. (1999)
93 CC01 Borissova et al. (2003)
94 NGC 637 Hasan et al. (2008)
95 [DB2000] 26 Borissova et al. (2005)
96 W5Wb Koenig et al. (2008)
97 Stock 16 Turner (1985); Pandey et al. (1989)
98 vdB80 Bonatto & Bica (2009b)
99 ONC Hillenbrand & Hartmann (1998); Hillenbrand et al. (1998)
Menten et al. (2007); Kraus et al. (2009)
100 RCW 38 Wolk et al. (2006, 2008)
101 Bochum 2 Dambis (1999); Lata et al. (2002)
102 [BDSB2003] 96 Bonatto & Bica (2009b)
103 Berkeley 59 Blanco & Williams (1959); MacConnell (1968); Pandey et al. (2008)
104 IC 1590 Walborn (1973); Guetter & Turner (1997); Lata et al. (2002)
105 [FSR2007] 817 Froebrich et al. (2007)
106 W5E Koenig et al. (2008)
107 W5Wa Koenig et al. (2008)
108 NGC 1931 Hasan et al. (2008)
109 Danks 2 Davies et al. (2012)
110 Mercer 23 Hanson et al. (2010)
111 LH 118 Massey et al. (1989)
112 NGC 2103 Meynadier et al. (2005)
113 [FSR2007] 944 Froebrich et al. (2007)
114 [BDSB2003] 106 Borissova et al. (2005)
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Table A2: continued.
Nr. Designation References
115 NGC 7380 Wolff et al. (2007)
116 GLIMPSE 30 Kurtev et al. (2007)
117 NGC 6231 Garc´ıa & Mermilliod (2001); Sana et al. (2006, 2007, 2008)
118 RCW 106 Roman-Lopes et al. (2003); Roman-Lopes (2007)
119 IC 1484 Sharpless (1955); Valle´e et al. (1979); Garmany & Stencel (1992)
Thompson et al. (2004); Piskunov et al. (2008)
120 NGC 6823 Pigulski et al. (2000); Lata et al. (2002)
121 [FSR2007] 846 Froebrich et al. (2007)
122 RCW 121 Roman-Lopes & Abraham (2006); Roman-Lopes (2007)
123 [FSR2007] 890 Froebrich et al. (2007)
124 [FSR2007] 888 Froebrich et al. (2007)
125 NGC 2244 Massey et al. (1995); Park & Sung (2002); Chen et al. (2007)
Wolff et al. (2007); Bonatto & Bica (2009a)
126 NGC 2122 Silkey & Massey (1986); Garmany & Walborn (1987)
Massey et al. (1989); Niemela & Gamen (2004)
127 [BDSB2003]107 Borissova et al. (2005)
128 Danks 1 Davies et al. (2012)
129 [DBS 2003] 179 Borissova et al. (2008)
130 Westerlund 2 Bonanos et al. (2004); Naze´ et al. (2008); Vargas A´lvarez et al. (2013)
131 RCW 95 Roman-Lopes & Abraham (2004); Roman-Lopes (2007)
132 IC 1805 Wolff et al. (2007)
133 NGC 6357 Bohigas et al. (2004); Ma´ız Apella´niz et al. (2007); Wang et al. (2007)
134 NGC 3603 Harayama (2007); Harayama et al. (2008); Schnurr et al. (2008)
135 Trumpler 14/16 Penny et al. (1993); Massey & Johnson (1993); Massey et al. (1995)
Nelan et al. (2004); Oey & Clarke (2005); Ascenso et al. (2007)
Sanchawala et al. (2007); Ortolani et al. (2008)
136 NGC 6611 Bonatto et al. (2006); Wolff et al. (2007)
137 Cyg OB2 Kno¨dlseder (2000); Massey et al. (2001)
Wolff et al. (2007); Negueruela et al. (2008)
138 Arches Figer et al. (2002); Martins et al. (2008)
139 R 136 Massey & Hunter (1998); Selman et al. (1999); Schnurr et al. (2009)
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APPENDIX B: THE CANONICAL IMF
The following two-component power-law stellar IMF is used throughout the paper:
ξ(m) = k


k
′
(
m
mH
)−α0
,mlow 6 m < mH,(
m
mH
)−α1
,mH 6 m < m0,(
m0
mH
)−α1 ( m
m0
)−α2
,m0 6 m < mmax,
(B1)
with exponents
α0 = +0.30 , mlow = 0.01 6 m/M⊙ < mH = 0.08,
α1 = +1.30 , 0.08 6 m/M⊙ < 0.50,
α2 = +2.35 , 0.50 6 m/M⊙ 6 mmax.
(B2)
where dN = ξ(m) dm is the number of stars in the mass interval m to m+ dm. The exponents αi represent the standard or
canonical IMF (Kroupa 2001, 2002; Kroupa et al. 2013). For a numerically practical formulation see Pflamm-Altenburg & Kroupa
(2006).
The advantages of such a multi-part power-law description are the easy integrability and, more importantly, that different
parts of the IMF can be changed readily without affecting other parts. Note that this form is a two-part power-law in the stellar
regime, and that brown dwarfs contribute about 4 per cent by mass only and that brown dwarfs are a separate population
(k
′
≈ 1
3
, Thies & Kroupa 2007, 2008).
The observed IMF is today understood to be an invariant Salpeter/Massey power-law slope (Salpeter 1955; Massey 2003)
above 0.5M⊙, being independent of the cluster density and metallicity for metallicities Z > 0.002 (Massey & Hunter 1998;
Sirianni et al. 2000, 2002; Parker et al. 2001; Massey 1998, 2002, 2003; Wyse et al. 2002; Bell et al. 2003; Piskunov et al. 2004;
Pflamm-Altenburg & Kroupa 2006). Furthermore, un-resolved multiple stars in the young star clusters are not able to mask a
significantly different slope for massive stars (Ma´ız Apella´niz 2008; Weidner et al. 2009). Kroupa (2002) has shown that there
are no trends with present-day physical conditions and that the distribution of measured high-mass slopes, α3, is Gaussian
about the Salpeter value thus allowing us to assume for now that the stellar IMF is invariant and universal in each cluster.
There is evidence of a maximal mass for stars (mmax∗ ≈ 150M⊙, Weidner & Kroupa 2004), a result later confirmed by several
independent studies (Oey & Clarke 2005; Figer 2005; Koen 2006). However, according to Crowther et al. (2010) mmax∗ may
also be as high as 300 M⊙ (but see Banerjee & Kroupa 2012). Dabringhausen et al. (2012) and Marks et al. (2012) uncovered
a systematic trend towards top-heaviness (decreasing α3) with increasing star-forming cloud density.
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